Abstract The perennial herb Primula vulgaris (Primulaceae) faces severe fragmentation of its natural forest habitat in the northern border of its distribution due to intensive agricultural practices and increased urbanisation. In Belgium and northern France, P. vulgaris populations show dramatic declines that could lead to local extinctions. Here we describe 12 novel microsatellite loci obtained by 454-pyrosequencing of a microsatellite-enriched library. Number of alleles per polymorphic locus varied between 2 and 6, and observed heterozygosity ranged from 0.16 to 0.73. Furthermore, sets of 8 loci successfully cross-amplified in the congeneric P. elatior and P. veris. These markers will be of great value for genetic diversity and conservation studies.
Primula vulgaris Huds. (=Primula acaulis (L.) L.) is a diploid, self-incompatible (distylous), long-lived perennial herb that flowers in early spring. It has a North-Atlantic and Mediterranean European distribution, growing in humid, shaded habitats in woodlands and open grasslands (Jacquemyn et al. 2009 ). In west-central Europe, P. vulgaris is a rare, declining species, with highly fragmented populations due to habitat destruction as a consequence of urbanisation and intensive agricultural practices (Brys et al. 2004 ). Here we characterize 12 novel microsatellite loci for this species that, in combination with the 3 loci previously reported by Van Geert et al. (2006) , will contribute to gain insights into population genetic diversity and structure which can help to evaluate the species' conservation status. Most of these microsatellites successfully amplified in the related species Primula elatior (L.) L., which is threatened in the southern margin of its distribution range; and Primula veris L., for which these microsatellites will complement others previously developed by 454 pyrosequencing (Bickler et al. 2013) .
Genomic DNA was extracted from dried leaf samples using either DNeasy Plant Mini Kit (Qiagen) or Invisorb Spin Plant Mini Kit (Stratec Molecular). Microsatellite loci were isolated by Genoscreen (Lille, France) using a microsatellite enrichment method coupled to 454 GS-FLX Titanium next-generation sequencing (Malausa et al. 2011) . Sequences of the oligonucleotide probes used were: TG, TC, AAC, AAG, AGG, ACG, ACAT and ACTC. A total of 10,598 sequence reads were obtained, from which 154 primer pairs were designed for potential microsatellite loci. We selected a set of 72 primers for amplification trials on 15 P. vulgaris individuals from four populations. For amplification trials, PCR reactions were conducted separately for each marker. Forward primers were attached with a 'M13-tail' (5 0 -CAGTCGGGCGTCATCA-3 0 ) to allow fluorescent labelling. PCR reactions (20 lL) contained c.100 ng of template DNA, 19 BSA, 19 reaction buffer, 3.5 mM MgCl 2 , 0.3 lM of each forward, reverse and universal 'M13' primers tagged with one of FAM, VIC, NED or PET, 0.25 mM dNTP and 0.5 U Taq DNA polymerase. PCR conditions used were: 95°C for 3 min, 19 cycles of 95°C for 1 min, 55°C for 30 s with a decrease Fifty-six loci amplified products of expected size, 41 % of which were polymorphic. We selected 12 polymorphic loci which allowed clear scoring (Table 1 ) and further genotyped 30 P. vulgaris individuals from a single site to determine population statistics (Table 2) . Two multiplex PCR reactions using fluorescently labelled forward primers were optimized. We adopted the same method to test crossamplification in P. elatior and P. veris. Multiplex PCR (20 lL) contained: c.120 ng of template DNA, 19 BSA, 19 reaction buffer, 3.5 mM MgCl 2 , 0.2 lM of forward primer, 0.2 lM of reverse primer, 0.25 mM dNTP and 2 U Taq DNA polymerase. Conditions for multiplex PCR were: 95°C for 3 min, 38 cycles of 95°C for 30 s, 58°C for 30 s, 72°C for 1 min and a final extension of 72°C for 3 min. PCR products were analysed in an ABI PRISM 3130xl sequencer, sized using 500 LIZ size standard and scored using GENEMAPPER v4.0 (Applied Biosystems).
Across the three species, number of alleles per polymorphic locus varied between 2 and 6 (mean = 3). Paca-3 revealed polymorphism in the amplification trials but appeared to be monomorphic in the sampled population. Observed heterozygosity in the polymorphic loci varied between 0.158 and 0.789, and expected heterozygosity between 0.145-0.771. Only Paca-44 deviated from HardyWeinberg equilibrium in P. veris, which can be attributed to the presence of null alleles with an estimated probability (p) of 0.26. Other loci were also expected to present null alleles in P. veris: Paca-74 (p = 0.22), Paca-129 (p = 0.22) and Paca-404 (p = 0.23); and in P. elatior, Paca-22 (p = 0.65). None of the loci pairs showed evidence of linkage disequilibrium in either species.
